The heat shock cognate 70-4 protein gene promoter (HSC70-4p) from Bombyx mori (BmHSC70-4p) is an ideal candidate for the transgenic silkworm due to its high transcriptional activity, and the homologous region 3 from Bombyx mori nucleopolyhedrovirus (BmNPVhr3) functions as an enhancer for several promoters. Using luciferase as a reporter gene and transient expression system in vivo and in vitro, we found that BmNPVhr3 can significantly increase the transcriptional activity of BmHSC70-4p and HSC70-4p from Bombyx mandarina (BmandHSC70-4p) . Moreover, the transcriptional activity of the combination of BmHSC70-4p and BmNPVhr3 changed with developmental stages and hormone titers. These results suggest that the combination of BmHSC70-4 promoter and BmNPVhr3 enhancer is more effective candidate for the transgene or stable cell expression system in Bombyx mori.
The heat shock cognate 70-4 protein gene promoter (HSC70-4p) from Bombyx mori (BmHSC70-4p) is an ideal candidate for the transgenic silkworm due to its high transcriptional activity, and the homologous region 3 from Bombyx mori nucleopolyhedrovirus (BmNPVhr3) functions as an enhancer for several promoters. Using luciferase as a reporter gene and transient expression system in vivo and in vitro, we found that BmNPVhr3 can significantly increase the transcriptional activity of BmHSC70-4p and HSC70-4p from Bombyx mandarina (BmandHSC70-4p). Moreover, the transcriptional activity of the combination of BmHSC70-4p and BmNPVhr3 changed with developmental stages and hormone titers. These results suggest that the combination of BmHSC70-4 promoter and BmNPVhr3 enhancer is more effective candidate for the transgene or stable cell expression system in Bombyx mori.
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promoter; enhancer; BmN cell line; silkworm Baculovirus homologous regions (hrs) are repeated sequences interspersed in the genomes of baculoviruses. To date, hrs have been identified in almost all baculoviruses, including Bombyx mori Nucleopolyhedrovirus, (BmNPV), Autographa californica NPV (AcNPV), Choristoneura fumiferana NPV (CfNPV), Lymantria dispar NPV (LdNPV), and Orgyia pseudotsugagta NPV (OpNPV). 1) There are seven hrs in the BmNPV T3 genome, viz hr1, hr2L, hr2R, hr3, hr4 L, hr4 R, and hr5.
2) Almost all hrs play an important role in viral DNA replication and function as an enhancer for some viral and nonviral genes transcription. 1, 3, 4) We cloned the hr3 fragment from the BmNPV ZJ8 genome (Genbank accession No. U51328) and found that it can function as the origin of viral DNA replication and increase the transcriptional activity of viral gene promoters such as helicase and gp64 and of nonviral gene promoters such as hsp70 from Drosophila.
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The heat-shock cognate 70-4 gene (HSC70-4) is a constitutive gene and is expressed highly in almost all tissues. [8] [9] [10] In BmN cells the transcriptional activity of B. mori HSC70-4 promoter (BmHSC70-4p) is about twice that of the ie-1 promoter which is commonly used in stable insect cell expression and transgenic insect, so it is regarded as an ideal promoter for the transgenic silkworm. 10) We cloned the HSC70-4 promoter from B. mori and Bombyx mandarina genomic DNA to examine the effect of BmNPVhr3 on the transcriptional activity of HSC70-4 promoter in vivo and in vitro using a transient expression system.
The silkworm variety Suju Â Minghu was maintained in our laboratory. B. mandarina was collected from the mulberry garden in Zhenjiang, P.R.C. The pUL220 plasmid, containing the luciferase reporter gene, was kindly provided by the Institute of Biochemistry and Cell Biology of the Chinese Academy of Sciences.
11) The normalization plasmid pSK-ie1-LacZ was previously constructed in our laboratory. 7) 20--hydroxyecdysone was prepared by our institute. The juvenile hormone analog ZR512 (JHA) was kindly provided by Professor Weizheng Cui (Shandong Agriculture University, P.R.C.). The reagents and chemicals were purchased from Invitrogene and Sigma, unless otherwise stated.
Construction of the reporter plasmids: The silkworm or B. mandarina genomic DNA was prepared from the posterior silk gland derived from the fifth instar larvae, Suju Â Minghu variety, or from the pupae of B. mandarina. Based on the published BmHSC70-4 gene sequences (Genbank accession No. AB084923), 10) one pair of primers was designed as follows: forwards, 5 0 -AAG AAT TCC TGG GTT AGG CGC TCG TCG T-3 0 , reverse, 5 0 -AAG GAT CCA GTC TTG TTA CTT GTT y To whom correspondence should be addressed. Fax: +86-511-5615044; E-mail: zjsbsri@public.zj.js.cn Abbreviations: BmNPV, Bombyx mori nucleopolyhedrovirus; hr3, homologous region 3; BmHSC70-4, Bombyx mori heat shock cognate 70-4 protein gene; BmandHSC70-4, Bombyx mandarina heat shock cognate 70-4 protein gene; hpt, h post-transfection; JHA, juvenile hormone analog; PBS, phosphate buffered saline; PCR, polymerase chain reaction CTT AAA ACA-3 0 . PCR amplification was performed with primers using the denatured genomic DNA as a template under the following conditions: 2 min at 94 C, 35 cycles of 15 sec at 94 C, 1 min 45 sec at 53 C, and 1 min 30 sec at 68 C. The PCR products were separated on 1% agarose gel, purified, then digested with BamHI/ EcoRI and subcloned to pGEM3Z(þ) vector. The cloned promoter fragments, p3Z-BmHSC70-4p and p3Z-BmandHSC70-4p, were sequenced by Takara (Dalian, P.R.C.). The BamHI digested luciferase fragment was placed under the control of the BmHSC70-4 or BmandHSC70-4 promoter in the right orientation. The pSK-BmNPVhr3 5) was digested with PstI and the BmNPVhr3 fragment was then placed downstream of luciferase in two directions.
Transient expression in cells, silkworm larvae, and hormone treatment: Routine cell culture was performed according to Summers and Smith. 12) The procedure for cell transfection was as described previously.
13) The BmN cells transfections were accompanied with 0.5 mg normalization plasmid pSK-ie1-LacZ DNA. 7) Cells transfected with pUL220 served as a blank control.
The silkworm larvae were reared under normal conditions as described by Lu. 14) At the stage 24 h after ecdysis to the fifth instar, each larva was injected with 20 ml transfection solution containing 5 ml lipofectin and 1 mg plasmid DNA into the larval hemolymph. From this point, the hour post transfection (hpt) was calculated. For hormone treatments, the larva was injected with the required dose of ecdysone or spread with the desired concentration of JHA solution on the surface of the body 12 h ahead of transfection. At the required hpt in the text, the cells or hemolymph cells were harvested by centrifugation at 10;000 g for 5 min at 4 C. The harvested cells were washed twice by being resuspended in phosphate buffered saline (PBS), then centrifuged at 10;000 g for 5 min at 4 C. After washing, the cells were lysed by a single freeze-thaw cycle with the kit. The lysate, thawed in water bath 37 C, was centrifuged at 4 C to remove cell debris and supernatant in an ice-bath was ready for the luciferase activity assay.
Measurement methods for luciferase activity and the amount of protein were those of Zhou et al.
13) The estimations of -galactosidase specific activity were performed according to Jeffrey. 15) The data were analyzed using the Statistical Analysis System (SAS). 16) The length of the cloned BmHSC70-4 promoter region derived from silkworms of the Suju Â Minghu variety was 1,429 bp, and BmandHSC70-4 promoter region derived from B. mandarina was 1,469 bp. These were deposited in GenBank AY339064, AY342387, and showed 97.5% and 76.4% identity to the corresponding region of ro4 silkworm variety (GenBank accession No. AB084923). 10) The difference between the BmandHSC70-4 and the BmHSC70-4 promoter region was mainly due to the different lengths of fragments inserted, but the potential regulatory elements (6 GATA boxes, 2 CAAT boxes, and 2 HSFs) in the region were identical and existed in all of the promoters.
The reporter plasmids, p3Z-BmHSC70-4p-luc/p3Z-BmHSC70-4p-luc-hr3 and p3Z-BmandHSC70-4p-luc/ p3Z-BmandHSC70-4p-luc-hr3, were embedded by lipofectin, and then separately transfected with BmN cells. The cells were harvested at 12 hpt and the luciferase activity was assayed. The luciferase activities of p3Z-BmHSC70-4p-luc and p3Z-BmandHSC70-4p-luc were 6,0734 cpm (count per minute) and 5,1996 cpm (per mg protein from extraction after normalization by activity of -galactosidase), respectively. Figure 1 indicates that BmNPVhr3 significantly increased the promoter transcriptional activity to 16 times or 17 times of their control. The hr3-mediated enhancement was orientation-independent (data not shown).
The same reporter plasmids were embedded by lipofectin and then separately injected into the larval hemolymph at the stage 24 h after ecdysis to the fifth instar. The hemolymph cells were harvested at 48 hpt. BmNPVhr3 increased promoter transcriptional activity to 190 times or 242 times of their control (Fig. 1) . The effect of hr3-mediated enhancement in vivo was better than in vitro. These results suggest that the combination of BmHSC70-4 or BmandHSC70-4 promoter and BmNPVhr3 enhancer is a better candidate for the transgene or stable cell expression system in B. mori.
Since the expression level of the HSC70-4 gene changes with the developmental stages and hormone titer, 8, 9, 17) we investigated the effects of developmental stages and external insect hormones on the transcriptional activities of the combination of BmHSC70-4 promoter and BmNPVhr3 enhancer in the fifth instar silkworm.
At the stage 24 h after ecdysis to the fifth instar, larvae were injected with the lipofectin-embedded reporter The increase in luciferase activity is indicated on the Y axis as stimulating folds by hr3 over the cells/larva transfected with pBmHSC70-4p-luc or pBmandHSC70-4p-luc, which was arbitrarily set at 1.00. The number is presented on the X axis as follows: 1, pBmHSC70-4p-luc, 2, pBmHSC70-4p-luc-hr3, 3, pBmandHSC70-4p-luc, and 4, pBmandHSC70-4p-luc-hr3. The -gal normalizing system was introduced into each BmN transfection. Each reaction contained 1 mg of the protein extracted from BmN cells or hemolymph cells. The results represent the average from five separate transfections.
plasmid p3Z-BmHSC70-4p-luc-hr3 or with the p3Z-BmHSC70-4p-luc as the control. Every 3 larval hemolymph cells were collected from 12 hpt to 192 hpt. At 144 hpt, the larvae entered the wandering stage and started spinning. As shown in Fig. 2 , luciferase activity of the p3Z-BmHSC70-4p-luc-hr3 was detected at 12 hpt (3,110 cpm), increased until 36 hpt (3,5613 cpm) and fluctuated slightly from 36 hpt to 120 hpt. From 120 hpt, it increased sharply and reached a peak at 144 hpt. Thence the activity decreased dramatically and reached its lowest level at 192 hpt (98 cpm). The luciferase activity of the p3Z-BmHSC70-4p-luc presents the similar tendency, but much lower than that of p3Z-BmHSC70-4p-luc-hr3 at each point. These show that the transcriptional activity of the BmHSC70-4 promoter or the promoter combination of BmHSC70-4/hr3 changed with the developmental stage and reached the highest level at the wandering stage, suggesting that hr3 only enhances the transcriptional activity of the BmHSC70-4 promoter, but can't alter the characteristic of it. At the wandering stage, the larvae undergo the rapid change for the metamorphosis and hemolymph cells participate the dissociation of tissues and organs no longer necessary by endocytosis. 18) As we known, HSC70-4 protein plays the role in the translocation of polypeptides across membrane and functions as chaperon, and its transcripts are the most abundant in the cells which are active in endocytosis. 8, 19) Thus the change of function of hemolymph cells at wandering stage may trigger the increment of the transcriptional activity of the BmHSC70-4 promoter.
At the stage 12 h after ecdysis to the fifth instar, each larva was injected with 0, 1, 3, 5, 7 mg of ecdysone or spread with 0, 50, 100, 150 mg/kg of JHA solution onto the surface of body. The treated larvae were transfected with the reporter plasmid 12 h later. At 48 hpt the hemolymph were collected. The results show that ecdysone treatments enhanced the transcriptional activity of the promoter combination. The maximum stimulating effect, by 5 mg ecdysone per os treatment, was achieved about 17 times, compared with the control (Fig. 3) . JHA treatments had no significant effects. It is well known that the ecdysone can accelerate the metamorphosis and JH inhibits larvae from metamorphosis and postpones the disintegration of cells and organ. 20) In Drosophila, the HSC70-4 transcripts are enriched in cells undergoing rapid growth and changes in shape. 8) Thus treatments of ecdysone increase the promoter transcriptional activity while of JHA have no effect at the early stage of the fifth instar larvae. On the other hand, the promoter region maybe harbor ecdysone response element (ERE), which leads to the increment of promoter transcriptional activity through treatments of ecdysone. After searching on the websites related insect cis-acting elements, the identified ERE wasn't found in the promoter region. This infers that the new ERE might exist in this region. The regulatory mechanism of hormones on BmHSC70-4 promoter requires further research to be elucidated.
From the above results, the promoter combinations of BmHSC70-4/hr3 and BmandHSC70-4/hr3 are more effective for the transgenic silkworm due to their high transcriptional activity, which is dependent on the developmental stages and hormone titer. To get higher productivity of expressed gene in the transgenic silkworm by this promoter combination in the future, we can harvest the foreign gene product at the wandering stage or administer certain dose of ecdysone to the larva before harvested.
